INTRODUCTION
In the last decades, Synthetic Aperture Radar systems, known as SAR, have become an important tool in Remote Sensing. This importance is due to different aspects that solve some of the problems that other systems designed to the same purpose have, like optical systems. One of the main features of the SAR systems is that they are "all-weather" systems, that is, the systems are almost independent of the weather conditions (clouds, rain, etc.). Also, the systems can take ges during day and night. These features make possible to SAR systems to take information or images all the time, and almost all useable, whereas in the case of optical systems only about ten per bent of the images are not affected by weather conditions.
Also the systems are coherent as they acquire the amplitude and the phase of the returned signal. However, this coherent nature at the same time poses one of the main problems of the SAR systems: the speckle noise.
This noise appears both on the amplitude and on the phase of the signal, but with different characteristics.
There are a lot of techniques that try to remove speckle noise from the data, but they are mainly applied on the amlitude information. There are also some techniques that try to remove speckle form phase. The techniques designed to remove speckle from the amplitude or from the phase are slightly different. For the amplitude, the main feature of the speckle noise is that it follows a multiplicative model over the desired data [1] , then the techniques have to be adapted to it. The techniques that remove the speckle from the amplitude can be divided in multilook and spatial filtering techniques [1] . In the first case, uncorrelated data of the same place are obtained and then averaged. In the second case, the average is performed over the same image. These techniques remove speckle, but they have the problem of loss of resolution.
The techniques that are applied over the phase information have poor results compared with those obtained in the case of amplitude. Some techniques make a combination between the polarimetric channels giving only one image with the consequent loss of polarimetric information [2] . In other cases the intensities are restored using the idea of polarisation diversity [3] . There are also techniques that make a polarimetric speckle reduction [4] based on process the real and im parts of the polarimetric channels. In this article a new way to remove speckle from amplitude and phase is presented. The main advantage of this algorithm is that both parts are processed almost in the same way.
COHERENT DECOMPOSITION
The concept of polarimetric decomposition is widely apphed for processing polarimetric SAR data [5] , [6] , [7] . As an example of this, the coherent decomposition of a complex scattering matrix into three components shall be demonstrated. The decomposition is given by the following general representation [8] 
METHOD FOR SPECKLE REDUCTION
Speckle reduction is important in the treatnent of data from polarimetric SAR systems. One of the main applications of this kind of information is terrain classification, for which several types of classification methods are available. The performance of these techniques can be improved removing the speckle both from the amplitude and the phase of the data.
First of all, the wavelet techniques were applied to the amplitude information. In this case, classical techniques were applied, being based on transform coefficients thresholding. The thresholding can be done in two ways: through the Donoho method or through the Sigmoid method [9] . As can be seen in the Fig. 1 , there is a clear speckle reduction and almost no loss ofresolution.
The second step in the process is to remove speckle from phase information. In this case the process is different from that used in the case of amlitude information. An additive noise model is assumed instead the multiplicatve one used on the amlitude. As will be shown afterwards, the assumption of an additive model is quite close to reality.
The scattered waves by a non-stationary target, in the case of polarimetric systems, cannot be fillly characterised by the scattering matrix [S], so other kind of operators have to be used to have a complete characterisation [7] . These (6) Due to the fact that amplitude information is statistically independent from the phase information [10] , the process can be reduced to finding an estimtor of the amplitude informaton and an estimator of the phase information.
In a monostatic polarimetic system, the cross-polar component Shv and Sh are equal, and this fact produces that there are only two kind ofphases fr in equations (5) an (6) . Theses phases are called co-polar phase f, and cross-polar phase 4y, The co-polar phase is +. fw-hh, and has an approximately Gaussian statistics [10] , on the other hand, the expression of the cross-polar phase is *C*hA4vh-Ik that has a uniform statistic over [-rc,r] [10] . The IDWT to obtain the unspeckled information.
A good estimator of [C] can be obtained processing both the amplitude information and the phase information. At the same time, once the coherency matrix has been obtained the estimator of the Mueller matrix or coherency matrix can be calculated [4] .
RESULTS
The previous algorithm has been applied to both, simulated images and real ones. The real images are Cband images taken by a mission of the Danish EMISAR. To test the performance of the algorithm, two kinds of images were taken. The first shows a kind of lagoon or marsh close to the sea, and the second shows one island of the Baltic Sea. In 
